Escherichia coli strains isolated from sporadic cases of acute diarrhea in children and adults and from children without diarrhea were investigated for the presence of the pAA plasmid. Strains harboring the pAA plasmid were isolated at similar frequencies from children with (19.6%) and without (10.8%) diarrhea and from adults with diarrhea (11.8%). The genotypic and phenotypic virulence markers of these strains were further analyzed. Most of the strains were positive for EAST1 (73%), and this toxin was detected significantly more frequently in strains from children with diarrhea than in strains from adults with diarrhea (P < 0.05). Likewise, pic sequences were detected significantly more frequently in strains from children with diarrhea than in strains from adults with diarrhea (P < 0.005) and controls (P < 0.025). Furthermore, the association of pAA positivity (pAA ؉ ) and pic positivity (pic ؉ ) was more frequently found for strains from children with diarrhea than for strains from controls, indicating that pAA ؉ pic ؉ strains may represent a subset of pAA ؉ strains associated with disease in children. Most of the strains (82.5%) adhered to cells presenting the typical aggregative pattern. The frequency of occurrence of enteropathogenic E. coli (EPEC) serogroups in the strains from children with diarrhea was very high (56%), while none of the strains from adults with diarrhea belonged to EPEC serogroups. Extraintestinal virulence markers were very commonly found in strains from adults with diarrhea. The frequencies of occurrence of the adhesins AFA and SFA were significantly higher in strains from adults with diarrhea than in strains from children with diarrhea. More than one extraintestinal virulence marker was found in 58% of the strains from adults with diarrhea but in only 7.7% of the strains from children with diarrhea. Our results show that pAA ؉ strains isolated from children and adults with diarrhea present very different profiles when enteroaggregative E. coli virulence markers, serotypes, and extraintestinal virulence markers are considered.
Several studies have reported on the association of enteroaggregative Escherichia coli (EAEC) with diarrheal disease in children (3, 4, 13, 17, 21, 23, 33) . The EAEC pathotype has been defined by its aggregative pattern of adherence to tissue culture cells, but this definition seems to cover heterogeneous groups of strains, as indicated in volunteer studies (26) and investigations of the natural occurrence of the disease (3, 13, 14, 17) . Nataro et al. (26) carried out a volunteer study with four different EAEC strains and showed that three of them failed to elicit diarrhea. Several epidemiological studies reported on an association of EAEC strains with sporadic diarrhea, either acute or persistent, and outbreaks in different geographic locations (3, 13, 17, 21, 23, 33) . Furthermore, Steiner et al. (44) reported on an association of EAEC with growth impairment even in the absence of diarrheal symptoms. However, in some case-control investigations, EAEC strains were isolated at similar frequencies from patients with acute diarrhea and controls (15, 16, 35) .
The mechanisms by which these organisms cause diarrhea are not well understood; however, several virulence-related genes have been described. Most EAEC strains harbor a 60-to 65-MDa plasmid called pAA which has been shown to encode the aggregative adherence fimbriae AAF/I (28, 29, 40) and AAF/II (8) ; the enterotoxin EAST1, a toxin homologous to the heat-stable toxin (ST) of enterotoxigenic E. coli (38, 39) ; and Pet, a serine protease which has been described as causing enterotoxic and cytotoxic effects (30, 31) . Another serine protease denominated Pic, encoded by a chromosomal gene displaying mucinolytic activity, serum resistance, and hemagglutination, has also been associated with EAEC strains (19) .
This study examined E. coli strains from children and adults with sporadic cases of acute diarrhea and children without diarrhea for the presence of the pAA plasmid. The strains possessing the pAA plasmid (pAA ϩ strains) were further analyzed for their adherence patterns, serotypes, and the presence of sequences homologous to the virulence markers associated with EAEC pathotype and extraintestinal E. coli virulence factors.
MATERIALS AND METHODS
Specimens and strains. E. coli strains were isolated from fecal specimens from 143 diarrheic children (ages, 0 to 24 months) and from 145 diarrheic adults who attended an outpatient clinic or who were admitted to three hospitals in Brasília, Brazil. An average of three E. coli isolates were obtained from each patient by standard procedures (11) . E. coli isolates from 37 fecal specimens from children without diarrhea (controls) who attended the same outpatient clinic and who belonged to the same age group as the children without diarrhea were also examined. All the specimens were collected over a period of 18 months. Diarrhea was defined as the occurrence of two or more watery stools in a 24-h period. Neither patients nor controls had been treated with antibiotics in the 10 days preceding sampling.
DNA probes and colony hybridization. Table 1 shows the DNA probes used to detect the plasmid of EAEC strains (pAA), the eaeA and bfpA genes and plasmid EAF of enteropathogenic E. coli (EPEC) strains, plasmid EHEC and genes stx1 and stx2 of enterohemorrhagic E. coli (EHEC) strains, and genes coding for the heat-labile toxin (LT) and heat-stable toxins (STs) STp and STh of enterotoxigenic E. coli (ETEC). Probes were kindly provided by J. P. Nataro (Center for Vaccine Development, School of Medicine, University of Maryland, Baltimore). DNA fragments were labeled by random priming with [␣- 32 P]dATP and a random primer DNA labeling kit (New England Biolabs, Beverley, Mass.). Colony blots were prepared, processed, and hybridized under high-stringency conditions as described previously (36 Serotyping. Determination of O and H antigens was carried out as described previously (18, 34) with all available O-antigen (O1 to O181) and H-antigen (H1 to H56) antisera.
PCR. All strains that hybridized with the pCVD432 fragment probe (pAA ϩ strains) were analyzed by PCR with the primers described in Table 2 to amplify fragments of genes encoding the fimbrial adhesins AAF/I, AAF/II, PAP, and SFA; afimbrial adhesin of the AFA/Dr family; the siderophore aerobactin; heatstable enterotoxin EAST1; the cytotoxins cytotoxic necrotizing factor (CNF) and ␣-hemolysin; and the serine proteases Pet and Pic. Adhesion assay. Adhesion tests were carried out as described previously (7), with some modifications. HeLa cells (1.6 ϫ 10 5 cells ml Ϫ1 , 600 l) were grown for 48 h at 37°C in medium 199 with 10% fetal bovine serum in 24-well tissue culture plates containing a coverslip. The medium was replaced with 300 l of medium 199 supplemented with 2% fetal bovine serum and 1% D-mannose, followed by the addition of 75 l of an exponential-phase bacterial culture (10 8 cells ml Ϫ1 ) grown in Trypticase soy broth. After 3 h at 37°C, the wells were washed with phosphate-buffered saline six times, fixed with methanol, and stained with May-Grünwald and Giemsa stains as described previously (41) .
Statistical analysis. P values were calculated by using a two-tailed chi-square distribution and one-sided Fisher's test when appropriate.
RESULTS
Prevalence of EAEC. Initially, 586 E. coli isolates from 143 children with diarrhea, 173 E. coli isolates from 37 children without diarrhea, and 435 E. coli isolates from 145 adults with diarrhea were investigated by colony hybridization to detect the pAA plasmid of EAEC. Positive strains were found in 19.6% (28 of 143), 11.7% (17 of 145), and 10.8% (4 of 37) of the children with diarrhea, the adults with diarrhea, and the controls, respectively. The incidence of pAA ϩ strains was not significantly different among the strains from the groups studied. No virulence markers for EPEC, ETEC, or EHEC strains were detected in the pAA ϩ strains by use of the probes described in Table 1 .
Virulence marker and adherence pattern. The 63 pAA ϩ strains (39 from children with diarrhea, 5 from controls, and 19 from adults with diarrhea) were assayed by PCR to detect the genes for AAF/I, AAF/II, EAST1, Pic, and Pet. Table 3 shows that most of the pAA ϩ strains were positive for EAST1 (73%), and this toxin occurred significantly more frequently in strains from children with diarrhea than in strains from adults with diarrhea (P Ͻ 0.05). Likewise, pic sequences were detected significantly more frequently in strains from children with diarrhea than in strains from adults with diarrhea (P Ͻ 0.005) and controls (P Ͻ 0.025). Since the pic sequence was the only virulence marker more frequently found in pAA ϩ strains from children with diarrhea than in strains from children without diarrhea, we also analyzed the frequency of pAA ϩ pic-positive (pic ϩ ) strains in cases and controls. pAA ϩ and pic ϩ strains were detected in 57% (16 of 28) of the pAA ϩ strains from children with diarrhea but in none of the 4 pAA ϩ strains from controls. The one-sided Fisher's test showed a P value of 0.0506, which is so close to statistical significance that it is acceptable to show an association between pAA ϩ pic ϩ strains and diarrhea. Sequences for the pet enterotoxin were found at a low frequency in the strains from all groups studied.
Only 31.7% (20 of 63) of the pAA ϩ strains showed the fimbrial adhesin AAF/I or AAF/II. No adhesins were found in the strains from the controls. The AAF/I adhesin was detected more frequently than the AAF/II adhesin in strains from children with diarrhea, while both types of adhesins were detected at equal frequencies in strains from adults with diarrhea. It was interesting that five of the six strains positive for Pet were also positive for AAF/II (Table 3) .
The 63 strains that hybridized with the probe for pAA were also assayed on HeLa cells. Table 3 shows the frequencies of the adherence patterns observed. Most of the strains (82.5%) adhered to cells presenting the aggregative pattern. Detachment from HeLa cells and nonadherence were observed for 6.3% of the strains. Three of the four detached strains exhibited a strong halo of hemolysis when grown on blood agar plates.
Extraintestinal virulence markers. The pAA ϩ strains were also investigated for the presence of extraintestinal virulence markers (Table 4) . Aerobactin was very frequently found in children with diarrhea (82%) and adults with diarrhea (78.9%), but it was not found in children without diarrhea. The frequencies of occurrence of AFA (P Ͻ 0.01) and SFA (P Ͻ 0.05) were significantly higher among the strains from adults with diarrhea than among the strains from children with diarrhea. AFA was also found significantly more frequently on strains from controls than on strains from children with diarrhea (P Ͻ 0.05). More than one extraintestinal virulence marker was found on 57.9% of the strains from adults with diarrhea but on only 7.7% of the strains from children with a Thirty-nine pAA ϩ strains were isolated from children with diarrhea, 5 pAA ϩ strains were isolated from controls, and 19 pAA ϩ strains were isolated from adults with diarrhea.
b P Ͻ 0.05 for difference between strains from children and adults with diarrhea.
c P Ͻ 0.005 for difference between strains from children and adults with diarrhea.
d P Ͻ 0.025 for difference between strains from children with and without diarrhea. a Thirty-nine pAA ϩ strains were isolated from children with diarrhea, 5 pAA ϩ strains were isolated from controls, and 19 pAA ϩ strains were isolated from adults with diarrhea.
c P Ͻ 0.01 for difference between strains from children with and without diarrhea.
VOL. 41, 2003 ENTEROAGGREGATIVE E. COLI FROM CHILDREN AND ADULTSdiarrhea, showing that extraintestinal virulence markers are much more common on strains from adults with diarrhea than on strains from children with diarrhea. Serotypes of pAA ؉ strains. The pAA ϩ strains from children with diarrhea belonged to 14 distinct serotypes (Table 5) , and the most frequent serotypes were O86:H18, O125:H9, and O125:H33. The pAA ϩ strains from adults with diarrhea and controls had 13 and 3 different serotypes, respectively, and among the strains from adults with diarrhea, the predominant serotype was O15:H18. Only two serotypes were found in more than one group; that is, O9:H10 strains were detected in children and adults with diarrhea, and O21:H21 strains were detected in children with and without diarrhea.
The frequency of occurrence of EPEC serogroups among the strains from children with diarrhea was very high. Fifty-six percent of the typeable strains from children with diarrhea belonged to the classical EPEC serogroups (O86, O125, and O128), while none of strains from adults with diarrhea belonged to EPEC serogroups. A high percentage (35.9%) of the pAA ϩ strains from children with diarrhea did not react with any of the O antisera tested. It was interesting that strains from children with diarrhea with sequences for both pic and pet were only of serotypes O9:H10, O44:HNM (NM indicates nonmotile), and O44:H18.
DISCUSSION
Even though the study showed a trend for a higher frequency of pAA ϩ strains from children with diarrhea than from healthy controls or adults with diarrhea, the differences were not statistically significant. Considering that studies on the rate of isolation of EAEC strains from diarrheic and healthy children from different geographic areas have been controversial, an association between EAEC and diarrhea should not be discounted. In southeastern Brazil, previous studies of pediatric diarrhea also found similar frequencies of EAEC strains in cases and controls (16, 35) . However, in northeastern Brazil, Fang et al. (13) found the frequency of isolation of EAEC strains from patients with acute and persistent diarrhea to be significantly different from the frequency of isolation from controls. Reports from other countries associating EAEC with persistent or acute diarrhea in children (23, 33) can be found as frequently as reports showing no significant association (1, 15) . Isolation of EAEC strains from adults with diarrhea has seldom been reported. Gascón et al. (14) and Schultz et al. (42) reported on the presence of EAEC strains in patients with traveler's diarrhea, but the ages of the patients from which the EAEC strains were isolated were not specified. In this work we have shown that the frequency of isolation of EAEC strains from adults with sporadic cases of severe acute diarrhea was not significantly different from that from children with diarrhea.
The frequencies of occurrence of the virulence markers of EAEC varied with the origin of the strain. Apart from AAF/II, all the virulence markers of EAEC were more commonly found in the strains from children. In accordance with previous reports (12) , adhesins AAF/I and AAF/II were found in a minority of the pAA ϩ strains. These results indicate the presence of more EAEC virulence markers in the pAA plasmid in strains from children with diarrhea than in strains from adults with diarrhea and the diversity of the genes encoded by the pAA plasmid. However, these differences in the pAA plasmids had no effect on the ability of these pAA ϩ strains to determine an aggregative pattern on HeLa cells, since most of the strains showed the typical aggregative adherence pattern, irrespective of their source or the adhesin-coding genes that they contained. The pic sequence was the only virulence marker more frequently found in pAA ϩ strains from children with diarrhea than from controls, and the association of pAA ϩ pic ϩ strains with diarrhea was more frequent among cases than controls. This finding indicates that pAA ϩ pic ϩ strains represent a subset of pAA ϩ strains which can be associated with disease. Nevertheless, since our control group was very small, further studies would be necessary to confirm this finding.
It was interesting to verify that a high proportion of the pAA ϩ strains (27%) did not react with any of the antisera used. Untypeable strains have been also reported by Vial et al. (46) , who worked with EAEC strains from children in Chile. Furthermore, an outbreak of severe diarrhea in children associated with O-untypeable EAEC strains has been reported (21) . The strains from children with diarrhea were very frequently found to be of the EPEC classical serogroups, while such strains were very rarely recovered from adults. EAEC strains from children have previously been reported to belong to EPEC serogroups (6, 17, 35, 49) . Rosa et al. (35) found that most of the EAEC strains from children with diarrhea belonged to EPEC serogroups, and similar to our findings, they showed that the most frequent serogroups were O86 and O125. Moreover, Valle et al. (45) , in a study of a collection of strains belonging to serogroup O125, found that serotypes O125:H21 and O125:H9 were enteroaggregative. Since Smith et al. (43) reported that isolates of E. coli O44:H18 of diverse origins were enteroaggregative, it was also interesting to observe that only the strains belonging to serotypes O44:H18 and O44: HNM presented an adhesin and the three toxins associated with EAEC.
Most of the extraintestinal virulence markers were very commonly found in strains from adults with diarrhea, while in strains from children with diarrhea they were quite rare except for the aerobactin sequences, which were present at equally high rates in children and adults with diarrhea. Okeke et al. (33) , in a study with children with diarrhea, reported that strains presenting sequences for pap showed weak aggregative adherence; however, the frequency of these strains was not mentioned. Santos (37) also found sequences homologous to those associated with extraintestinal virulence markers (adhesins AFA, SFA, and PAP) in a group of strains from children with and without diarrhea.
In conclusion, our results show that pAA ϩ strains from children and adults with diarrhea present quite different profiles when EAEC virulence markers, serogroups, and extraintestinal virulence markers are considered.
